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Introduction *
The basic concept of the LLAMA program was outlined in a

previcus progress veport, PR-1, and in References 1, 2, and 3. &
brief summary only will be given heve. Basically, a single axis linear
azcelerometer is being constructed using a2 proo mass consisiing of a
smali permanent magnet supported by magnetic forces inside a svper-
conducting cylinder. Coaxiul coils on either side of the magnet, inside
the cylinder, are ased to cormpensate the axial insiahbility of the ragret
and also to provide the restoring force to keep the proof mass ai null.

& sensgitive dispiacement detector is used to feed the restoring zoils with

. c -6 .
control infermation. Calibration below 10 " g is to be effecied by con-

trolled radistion pressure.

Preliminary evaluation of the suspension and of a crude {orin

of the accelzrometer has been reported in progress report, PR-Z,

January, 1955,

From January 1965 until now, the major effor: of the LLAMA
program has been in the area of d.isplacemcnt detection A brief bres’t
down of the work dane and the proposed further work ara outlined in
this report, A more comprehensive treatmen: is left for the fival

raport to be completed in September 1965, In addition to the final report,

z

a LLAMA Cperations Manual will also be prepared,

w\.

visplacement Daiectors

Two types of displavement detectore ars heing investigaied. One,
a more sen- ilive version of the spot cccultation displacement detzoiox

{SODD) mentioned in PR-2, is to be used as & coarse detector L2 confine

(.

the floating magnet within a veglon of several microns. The other, the
interferometer displacement detecior (DD} also meniioned in PR-2, is
to act as the high sensitivity detector to confine the mmagnet within a

siaail {raction of a micvon.

1. L0DD

The spot cogul

tion by one end only of the magnsi vas vses in
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early experime;ts and was adequate for preliminary investigatio‘hs, The
main drawbacks weze that the detector did not seek a fixed null since, this
depended on lamp brightness and an external reference voltage; the out-
out of the detector was d.c.; the detector was sensitive to rotation of

the magnet.

For an operational LLAMA system a better coarse detector is
nceded which is also compatible with the IDD., Figure 1 shows an improved
version of SODD which reduces, if not eliminateé, the drawbacks mentioned
above. By causing the other end of the magnet to occult another spot that
originates from the same source, a differential detector results which
szeks a fixed null independent of lamp brightness and external reference.
By chopping the incident beams alternately, an'a.c. output signal is ob-
tained which simplifies the amplification and by suitable filtering can give
an improved signal to noise ratio. After phase sensitive demodulation and
rectification, an output signal results which corresponds to the magnitude
ard sense of the displacement, When the magnet is at null, this SODD is
insenstive to rotation of the magnet. When not at null, any rotation.of the

magnet is interpreted as a reduction in sensivity of the detector,

This SODD configuration was set up using a simulated test mass
suspension and the output voltage vs. displacement curve is shown in
Figure 2. The linear range of the detector was observed to be around
0.62 mm and the peak signal to noise ratio was 160. This indicated that
the uncertainty range of the SODD was % 2 microns. A helium~-neon gas
laser was used as the light source. A further increase in sensitivity may
be achieved by reducing the spot size still further. Control of the spot
size varies the width of the linear range. SODD operation with a floating

magnet is about to be carried out.
2. IDD

The IDD configuration described in PR-2 was set up on a 4' x 4°'
surface plate and used a suitably designed testmass suspension simulator
instead of a floating magnet. Because of the high seasitivity of the pro-
po sed interferometric set up, high stabil:ity fixturss and environment are

most essential. At present, some instability in the inter{ercnce pattern is

-2 .
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evident. The cause of this instability is under investigation.

3, Integration of SCDD and IDD

It is desirable to desipn the SCDD and the IDD to
share as much of the optical hardware as possible, at the same time
enabling either detector to operate with,or independently of, the other,

Considerable thought is being given to this problem.

At present, it seems feasible to combine the two detectors by
the configuration shown in Figure 3. The one laser scurce illuminates
coth detectors. The SODD design is chosen to suit the IDD configuration.
The size of the optics is dictated by the IDD limit on test mass rotation.
The SODD beams are {ixea in position and are kept away from the centrzl
portion of the beam splitter since thé IDD beams move over this area as

the test mas rotates. The photo detectors are thus kept adequatelyapart.

During operation the SODD loop is kept closed so that the test
mass is restricted to a region of a few microns throughout. When the
test mass is in this uncertainty region the IDD is brought into play by
suitable switching logic to reduce the uncertainty region to a small

fraction of a micron.

Hardware Construction

Because of the nature of the LLLAMA system, precision optical
hardware has to be used. Considerable effort has gone into the design
and construction of compatitle components to be used in conjunction with
a large surface plate. Elaborate test mass and suspension simulators
have been constructed so that major design problems can be investigated

without the need for liquid helium.

_Dewar

2 ety mrrrm

Several modifications to the LLAMA dewar have been carried

a) ILonger antechambers havs been installed so as to house
longer lucite spoon holders to reach further iato the superconducting

tube,
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b) An i’oniza;:ion gauge has been fittzd so as to measure the
pressure in the float environment to determine the effectiveness of “the
cryopumping action of the liquid helium. If this pressure is found to
be greater than 10 ° torr then the incorpration of a diffusion pump has
to be considered.

Several attempts have been made to float a magnet but these
were marred by leaks in the dewar. These leaks were found to be in
the inner can which meant that the dewar had to be disassembled for
repair, The dewar is now back in ’operation and several experiments

are to be made shortly.

Further Work

The work scheduled for the next few months includes the following:

a) evaluation of a LLAMA systern using SODD.

b} evaluation of the IDD using a suspension simulator,

c) modification of dewar for IDD operation,

d) evaluation of SODD~IDD combination using a floating
magnet; determination of control logic, etc.

e) modification to suspension if required.

f} evaluation of a complete LLAMA system.
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